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DESCRIPTION 



POLARIZING ELEMENT AND OPTICAL SYSTEM INCLUDING 

POLARIZING ELEMENT 

5 

Technical Field 

The present invention relates to a polarizing element, in particular, a 
polarizing element which can be used for two wavelengths, and an optical 
system including the polarizing element. More particularly the invention 
10 relates to a polarization beam splitter which can be used for both the 
wavelength for a digital versatile disc (DVD) and the wavelength for a 
compact disc (CD) in an optical pickup system, and the optical system 
including the polarization beam splitter. 



1 5 Background Art 

In the conventional grating element technology, beam splitting is 
performed for one wavelength of a semiconductor laser by polarizing control. 
For example, Japanese Patent Application Laid-Open (JP-A) No. 2002-90534 
(paragraph No. 17, Fig. 1, and the like) can be referred to. That is, in two 

20 modes of TE polarization and TM polarization, light is reflected in TE 
polarization and the light is transmitted in TM polarization. However, the 
conventional grating element cannot be used in two different wavelengths of 
semiconductor lasers. 

There has also been proposed an apparatus in which Si and Si02 are 

25 alternately laminated on a Si02 substrate to form rectangular projections 
having a total of five layers and polarizing control is performed for an 
arbitrary angle of incidence and operation wavelength. For example, Tyan 
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et al., "Design, fabrication, and characterization of form-birefringent 
multilayer polarizing beam splitter", Vol. 14, No. 7, July J. Opt. Soc. Am. A 
(1997) can be referred to. JP-A No. 2001-51122 discloses a polarization 
beam splitter in which a phase is imparted to incident light to separate 
5 polarized electromagnetic radiations by a structure in which layers are 
laminated repeatedly with a period shorter than first Bragg condition. 
However, it is difficult to actually produce the apparatus disclosed in JP-A No. 
2001-51122. Further, even if the apparatus is produced, a process is 
complicated and production cost is expensive. 

10 A principle of polarization splitting by a diffraction grating will be 

described below. As shown in Fig. 1, the light progresses from a medium 
having a refractive index nl to a medium having a refractive index n2. A 
grating having a period A is formed in a boundary. 

In the light, there are two kinds of polarization which are called TE 

15 polarization (s polarization) and TM polarization (p polarization). When the 
light is incident to the diffraction grating, polarization in the direction in 
which the electric field is vibrated in parallel with a groove of the grating is 
called TE polarization, and the polarization in the direction in which the 
electric field is vibrated perpendicular to the groove (in which the magnetic 

20 field is vibrated in parallel with the groove) of the grating is called TM 
polarization. 

When the diffraction grating satisfies the following condition of 
formula (l) for a wavelength X, the light is observed in the diffraction grating 
structure, as if the light were traveling in a thin-film structure expressed by 
25 an effective refractive index n e ff : 

AcosGo < A, 

where Go is an angle of incidence and A is a period. In this case, the effective 
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refractive index n e ff varies depending on a polarization direction of the 
incident light, and the effective refractive index n e ff is expressed by the 
following formulas in first approximation. 



5 TE polarization: n TE = ^(1 - f)nf + fn\ (2) 

TM polarization: nTM = ^jfn 2 x +(l-/)/« 2 2 
where f is a ratio of a projection side part to the period A in Fig. 1. As can be 
seen from the above formulas, other than f of 0 and 1, the effective refractive 
index has different values for each of the polarization. 
10 In a physical meaning of a difference in effective refractive index 

based on a state of polarization, when the light passes through a structure 
extremely smaller than the wavelength of the light, the structure is perceived 
as a shielding substance which generates scattering and the like. As a 
result, it can be thought that energy loss is generated when the light passes 
15 through the shielding substance, and an influence of the energy loss emerges 
in the form of the effective refractive index. 

When any one of effective refractive indexes n e ff = nTE and n e ff =n™ 
(however, nTE * iitm) for polarization components satisfies the following 
formula (4) under this condition, the incident light having the polarization 
20 direction cannot pass through the thin-film layer having the effective 
refractive index n e ff : 
msinOo ^ neff 

wherein the formula (4) is deformed from a relational formula (Snell's 
formula) of refraction of light which progresses in different mediums. In this 
25 state, an angle of refraction 9i substantially reaches 90° in the thin-film layer 
having the effective refractive index n e ff in Fig. 1, and the light cannot move 
to the layer having the refractive index n2. As a result, reflected light is 
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generated as divergence of the incident energy. 

Thus, when the formula (4) holds by the effect of the effective 
refractive index iieff which is observed for the light having any one of the 
polarization directions in the grating structure, a polarizing element having 

5 the fine period is realized. 

As described above, when the period is set to the wavelength or less 
in the grating portion, diffracted waves are not generated in the progress of 
the light expressed as an electromagnetic wave. Accordingly, diffraction 
effect expressed by superposition of waves is not observed. The grating 

10 portion is regarded as an object in which a refractive index varies for the 
progress of the wave, and the grating portion imparts such an effect to the 
electromagnetic wave as if it were traveling in a material having a virtual 
refractive index. As a result, the same effect as the thin-film layer is 
brought in a particular wavelength range. A technique of assuming that the 

15 grating portion is a material having a virtual refractive index is called 
effective refractive index method. For example, a formula for determining 
an effective refractive index from a grating shape is described in Non-patent 
Document 2. In the layer with an effective refractive index, a value of the 
effective refractive index is determined by a ratio of the projection part to the 

20 period of the grating portion. The grating portion having rectangular pits 
and projections also depends on a particular wavelength band, and design of 
the grating portion is determined by the ratio and a height of the rectangular 
pits and projections. For example, as disclosed in Journal of Optical Society 
of America A Vol. 13, No. 5, p988, or Applied Optics Vol. 36, No. 34, p8935, in 

25 order to widen a wavelength band, an effective refractive index can 
continuously be changed by forming the grating portion in triangular shape 
with respect to a height direction. The same performance as the effect of 
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laminating many thin-film layers by which the change is continuously 
imparted, can be obtained by the operation. 

However, the polarizing element having a simple structure which can 
be used for two wavelengths in a predetermined wavelength range has not 
5 been developed yet. 

Disclosure of the Invention 

Thus, there are large needs for the polarizing element having a 
simple structure which can be used in two wavelengths of a predetermined 

10 wavelength range. 

In a polarizing element according to the invention, the polarizing 
element has a two-layer structure in which a grating pattern having a 
constant period A is formed in a substrate, a cross section of the grating 
pattern having a rectangular shape, and a film having a refractive index 

15 higher than that of the substrate is deposited on the grating pattern. AcosGo 

< X where X is a wavelength and Go is an angle of incidence to a grating 
surface, and the grating period, a grating height, and a film thickness are 
determined such that reflection efficiency of zero-order diffracted light of TE 
polarization is not lower than a predetermined value (0.8) while transmission 

20 efficiency of zero-order diffracted light of TM polarization is not lower than 

the predetermined value (0.8). 

In a polarizing element according to the invention, the polarizing 

element has a two-layer structure in which a grating pattern having a 

constant period A is formed in a substrate, a cross section of the grating 
25 pattern having a triangular shape, and a film having a refractive index 

higher than that of the substrate is deposited on the grating pattern. AcosOo 

< X where X is a wavelength and 9o is an angle of incidence to a grating 
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surface, and the grating period, a grating height, and a film thickness are 
determined such that reflection efficiency of zero-order diffracted light of one 
of TE polarization and TM polarization is not lower than a predetermined 
value (0.7) while transmission efficiency of zero-order diffracted light of the 
5 other of TE polarization and TM polarization is not lower than the 
predetermined value (0.7). 

In a polarizing element according to the invention, the polarizing 
element has a two-layer structure in which a grating pattern having a 
constant period A is formed in a substrate, a cross section of the grating 

10 pattern having a rectangular shape, and a film having a refractive index 
higher than that of the substrate is deposited on the grating pattern. In the 
case where a first wavelength Xi and a second wavelength X2 satisfy a 
relationship of Xi < ta, AcosOo < Xi where Go is an angle of incidence to a 
grating surface. The grating period, a grating height, and a film thickness 

15 are determined such that reflection efficiency of zero-order diffracted light of 
TE polarization is not lower than a predetermined value (0.7) for the first 
wavelength Xi while transmission efficiency of zero-order diffracted light of 
TM polarization is not lower than the predetermined value (0.7) for the first 
wavelength Xi, and such that transmission efficiency of the zero-order 

20 diffracted light of TE polarization is not lower than the predetermined value 
(0.7) for the second wavelength X2 while reflection efficiency of zero-order 
diffracted light of TM polarization is not lower than the predetermined value 
(0.7) for the second wavelength X2. 

Alternatively, the grating period, the grating height, and the film 

25 thickness are determined such that reflection efficiency of zero-order 
diffracted light of TE polarization is not lower than a predetermined value 
(0.7) for the first wavelength X\ while transmission efficiency of zero-order 
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diffracted light of TM polarization is not lower than the predetermined value 
(0.7) for the first wavelength Xi, and such that reflection efficiency of 
zero-order diffracted light of TE polarization is not lower than the 
predetermined value (0.7) for the second wavelength X2 while transmission 
5 efficiency of zero-order diffracted light of TM polarization is not lower than 
the predetermined value (0.7) for the second wavelength \z. 

Accordingly, the polarizing element according to the invention can be 
approximated to many layers with effective refractive indexes, formed by the 
grating of the substrate and many layers with effective refractive indexes, 
10 formed by the grating of the film, and the polarizing element of the invention 
can have the polarization characteristics for the first and second wavelengths. 
Since the polarizing element of the invention has the simple structure in 
which one-layer film is deposited on the substrate, the production method is 
simple and the production cost is inexpensive. Further, the polarizing 
15 element of the invention has a compact structure, and miniaturization of the 
apparatus can be realized. 

In a polarizing element according to an embodiment of the invention, 
the substrate is made of a synthetic resin. 

In a polarizing element according to an embodiment of the invention, 
20 the substrate is made of a transparent resin such as acryl arid polyolefin. 

Accordingly, a polarizing element according to an embodiment of the 

invention is inexpensive. 

In a polarizing element according to an embodiment of the invention, 
the grating pattern of the substrate is formed by transfer from a metal mold. 
25 Accordingly, in a polarizing element according to an embodiment of 

the invention, a production method is simple, and production cost is also 
inexpensive. 
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In a polarizing element according to an embodiment of the invention, 
the film is a deposited film. 

Accordingly, because one layer is deposited on the substrate, the 
production method is simple. 

In a polarizing element according to an embodiment of the invention, 
the deposited film is made of a material such as Ti02 having a refractive 
index higher than a refractive index of the substrate. When the deposited 
film is made of TiCh, the deposited film has a high adhesion property to the 
resin. 

In a polarizing element according to an embodiment of the invention, 
a thickness of the deposited film is smaller than 0.3 micrometers. 

In a polarizing element according to an embodiment of the invention, 
the grating height is smaller than the grating period. 

In a polarizing element according to an embodiment of the invention, 
the first wavelength is the wavelength for a digital versatile disc, and the 
second wavelength is the wavelength for a compact disc. 

Accordingly, the polarizing element according to the embodiment of 
the invention can be used in optical pickup systems for both digital versatile 

discs and compact discs. 

An optical system of the invention includes a first-wavelength light 
source, a second- wavelength light source, and a polarizing element. The 
polarizing element is configured to reflect light from the light source of any 
wavelength in order to cause the light to reach to a disc and to transmit the 

return light reflected by the disc. 

An optical system of the invention includes a first-wavelength light 
source, a second-wavelength light source, and a polarizing element. The 
polarizing element is configured to reflect light from the first-wavelength 
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light source and the second-wavelength light source in order to cause the 
light to reach to a disc and to transmit the return light reflected by the disc. 

Accordingly, the optical system of the invention can be used in optical 
pickup systems for both digital versatile discs and compact discs. 

5 

Brief Description of the Drawings 

Fig. 1 explains the principle of polarization splitting by a diffraction 

grating; 

Fig. 2 shows a structure of a two-layer triangular grating of the 

10 invention; 

Fig. 3 shows a two-layer triangular grating of the invention; 
Fig. 4 shows a two-layer rectangular grating! 

Fig. 5 shows diffraction efficiencies of a two-layer triangular grating 
(Numerical Example l) of the invention; 
15 Fig. 6 shows dependency of the two-layer triangular grating 

(Numerical Example l) of the invention on wavelength; 

Fig. 7 shows dependency of . the two-layer triangular grating 
(Numerical Example l) of the invention on angle of incidence! 

Fig. 8 shows diffraction efficiencies of a two -layer triangular grating 

20 (Numerical Example 2) of the invention; 

Fig. 9 shows dependency of the two-layer triangular grating 
(Numerical Example 2) of the invention on wavelength; 

Fig. 10 shows dependency of the two-layer triangular grating 
(Numerical Example 2) of the invention on angle of incidence! 
25 Fig. 11 shows a structure of two-layer rectangular grating; 

Fig. 12 shows diffraction efficiencies of the two-layer rectangular 

grating; 
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Fig. 13 shows dependency of the two-layer rectangular grating on 
wavelength; 

Fig. 14 shows dependency of the two-layer rectangular grating on 
angle of incidence; 

5 Fig. 15 shows a configuration of an optical pickup system in which a 

polarization beam splitter of Numerical Examples 1 or 2 of the invention is 
used; and 

Fig. 16 shows a configuration of an optical pickup system in which a 
polarization beam splitter of Numerical Example 3 of the invention is used. 

10 

Best Mode for Carrying Out the Invention 

A two-wavelength polarization beam splitter according to an 
embodiment of the invention has a two-layer structure in which a grating 
pattern having a constant period A is formed in a substrate, a cross section of 

15 the grating pattern having a rectangular shape, and a film having a 
refractive index higher than that of the substrate is deposited on the grating 
pattern. Fig. 2 shows the two-layer structure. The substrate is made of a 
resin, and the substrate is preferably made of acryl or polyolefin. The 
grating pattern on the substrate is produced by transfer of a fine shape 

20 formed in a resin-molding metal mold. The fine shape formed in the 
resin-molding metal mold is produced with a laser beam machining 
apparatus. A film such as a Ti0 2 film having a refractive index higher than 
that of the resin is formed as a high refractive index layer on the grating 
pattern, transferred in the above-mentioned manner on the resin substrate, 

25 by deposition or the like. In the case of deposition, a film thickness is 
smaller than 0.3 jam due to restrictions from the production. In the case 
where a relationship of Xi < X 2 is satisfied for a first wavelength Xi and second 
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wavelength X2, a grating period A and an angle of incidence 0o to a grating 
surface are set so as to satisfy a relationship of AcosGo < A grating height 
is set so as to be smaller than the grating period. 

In the following description, it is assumed that the first wavelength is 
5 the DVD wavelength (0.66 (am) and the second wavelength is the CD 
wavelength (0.785 |am). 

The two-layer triangular grating (Fig. 3) of the invention will be 
described in comparison to the two-layer rectangular grating (Fig. 4). The 
two*layer rectangular grating can be approximated to the two layers with 
10 effective refractive indexes, including layer 1 with an effective refractive 
index, formed by the grating of the substrate and layer 2 with another 
effective refractive index, formed by the grating of the film. The two-layer 
triangular grating of the invention can be approximated to an n layers with 
effective refractive indexes, formed by the grating of the substrate and n' 
15 layers with effective refractive indexes, formed by the grating of the film. 
The structure enables the two-layer triangular grating of the invention to 
have polarization property with respect to the two wavelengths. 

Specifically, dependency of TE polarization and TM polarization on 
wavelength is adjusted by adjusting the grating period. The adjustment is 
20 performed such that reflection efficiency or transmission efficiency of the 
DVD wavelength becomes a peak in one of TE polarization and TM 
polarization while reflection efficiency or transmission efficiency of the CD 
wavelength becomes a peak in one of TE polarization and TM polarization. 
Peak efficiency is adjusted by adjusting the resin height and the film 
25 thickness. 

In each wavelength, the adjustment may be performed such that one 
of the polarization modes is transmitted (the transmission efficiency is not 



11 



Q03248PCT 



lower than a constant value) while the other of the polarization modes is 
reflected (the reflection efficiency is not lower than the constant value). 

Numerical examples will be described below. 

(Numerical Example l) 

Table 1 shows specifications of a two-layer triangular grating of 
Numerical Example 1. 

Table 1 



Sectional shape* triangle 



Pitch 


0.8 |am 


Resin height 


0.2690476 urn 


Thickness of deposited film 


0.2959524 urn 


Resin + film 


0.565 jam 



In this case, the resin height shall mean the grating height of the 
resin portion. 

Fig. 5 shows diffraction efficiencies (transmission efficiency and 
reflection efficiency) for polarizing angles of the DVD wavelength and CD 
wavelength. In polarizing angle, TM polarization is zero degree and TE 
polarization is 90 degrees. An angle of incidence to the grating surface is 45 
degrees. Fig. 6 shows wavelength dependency of TE mode and TM mode. 
Fig. 6 shows states in which wavelength is changed from the state of TE 
polarization and TM polarization of Fig. 5. Fig. 7 shows dependency of the 
DVD wavelength and CD wavelength on angle of incidence. Fig. 7 shows 
states in which angle of incidence is changed from the state of TE 
polarization and TM polarization of Fig. 5. 

As can be seen from Fig. 5, reflection is not lower than 80% in TE 
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polarization of the DVD wavelength, and transmission is not lower than 70% 
in TM polarization of the DVD wavelength. Transmission is not lower than 
70% in TE polarization of the CD wavelength, and reflection is not lower than 
80% in TM polarization of the CD wavelength. Thus, the two-wavelength 
5 polarization beam splitter of Numerical Example 1 has the polarization 
characteristics with respect to the DVD wavelength and the CD wavelength. 
(Numerical Example 2) 

Table 2 shows specifications of a two-layer triangular grating of 
Numerical Example 2. 

10 

Table 2 



Sectional shape- triangle 



Pitch 


0.82 urn 


Resin height 


0.32 urn 


Thickness of deposited film 


0.24 tun 


Resin + film 


0.56 |im 



In this case, the resin height shall mean the grating height of the 

15 resin portion. 

Fig. 8 shows diffraction efficiencies (transmission efficiency and 
reflection efficiency) for polarizing angles of the DVD wavelength and CD 
wavelength. In polarizing angle, TM polarization is zero degree and TE 
polarization is 90 degrees. An angle of incidence to the grating surface is 45 

20 degrees. Fig. 9 shows wavelength dependency of TE mode and TM mode. 
Fig. 9 shows states in which wavelength is changed from the state of TE 
polarization and TM polarization of Fig. 8. Fig. 10 shows dependency of the 
DVD wavelength and CD wavelength on angle of incidence. Fig. 10 shows 
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states in which angle of incidence is changed from the state of TE 
polarization and TM polarization of Fig. 8. 

As can be seen from Fig. 8, reflection is not lower than 80% in TE 
polarization of the DVD wavelength, and transmission is not lower than 70% 
in TM polarization of the DVD wavelength. Reflection is not lower than 80% 
in TE polarization of the CD wavelength, and transmission is not lower than 
80% in TM polarization of the CD wavelength. Thus, the two-layer 
triangular grating of Numerical Example 2 has polarization characteristics 
with respect to the DVD wavelength and the CD wavelength. 

(Numerical Example 3) 

Then, a two-layer rectangular grating which is of Numerical Example 
3 will be described. Fig. 11 shows a structure of the two-layer rectangular 
grating. 

Table 3 shows specifications of the two-layer rectangular grating of 
Numerical Example 3. 



Table 3 



Sectional shape: rectanele 


Pitch 


0.75 jam 


Resin height 


0.1 nm 


Thickness of deposited film 


0.1 jam 


Resin + film 


0.2 um 



In this case, the resin height shall mean the grating height of the 
resin portion. 

Fig. 12 shows diffraction efficiencies (transmission efficiency and 
reflection efficiency) for polarizing angles of the DVD wavelength and CD 
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wavelength. An angle of incidence to the grating surface is 45 degrees. In 
polarizing angle, TM polarization is zero degree and TE polarization is 90 
degrees. Fig. 13 shows wavelength dependency of TE mode and TM mode. 
Fig. 13 shows states in which wavelength is changed from the state of TE 
5 polarization and TM polarization of Fig. 12. Fig. 14 shows dependency of the 
DVD wavelength and CD wavelength on angle of incidence. Fig. 14 shows 
states in which angle of incidence is changed from the state of the TE 
polarization and TM polarization of Fig. 12. 

As can be seen from Fig. 12, reflection is not lower than 80% in TE 
10 polarization of the DVD wavelength, and transmission is not lower than 80% 
in TM polarization of the DVD wavelength. However, as can be seen from 
Fig. 12, the two-layer rectangular grating of Numerical Example 3 does not 
have the polarization characteristics with respect to the CD wavelength. 

Optical Pickup Optical System 
15 A configuration of an optical pickup system in which the polarization 

beam splitter of the invention is used will be described below with reference 

to Figs 15 and 16. 

Referring to Fig. 15, a light beam emitted from a two -wavelength 
laser light source 1 is reflected by a polarization beam splitter 2 to reach a 

20 disc (DVD or CD) 6 through a collimator lens 3, a fixed mirror 4, and an 
objective lens 5. A quarter- wave plate (not shown) is provided between the 
polarization beam splitter 2 and the collimator lens 3. The light beam 
reflected from the disc 6 is returned to the polarization beam splitter 2 
through the objective lens 5, the fixed mirror 4, the collimator lens 3, and the 

25 quarter-wave plate. Since the light beam has passed through the 
quarter-wave plate twice until the light beam is returned to the polarization 
beam splitter 2, the phase is changed by 90 degrees. The light beam passes 
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through the polarization beam splitter 2 and a collective lens 7, and the light 
beam is detected by a photodiode 8. 

The case where the two-layer triangular grating of Numerical 
Example 1 is used as the polarization beam splitter 2 will be described below. 
5 The light having the DVD wavelength is incident in TE polarization state to 
the polarization beam splitter 2 from the two-wavelength laser light source 1. 
Accordingly, the light is reflected by the polarization beam splitter 2 (left side 
of Fig. 5). The returned light is in TM polarization state, so that the light is 
transmitted through the polarization beam splitter 2 (left side of Fig. 5). On 
10 the other hand, the light having the CD wavelength is incident in TM 
polarization state to the polarization beam splitter 2 from the laser light 
source 1. Accordingly, the polarization beam splitter 2 reflects the light 
(right side of Fig. 5). The returned light beam is in TE polarization state, so 
that the light beam is transmitted through the polarization beam splitter 2 

1 5 (right side of Fig. 5) . 

The case where the two-layer triangular grating of Numerical 
Example 2 is used as the polarization beam splitter 2 will be described below. 
The light having the DVD wavelength is incident in TE polarization state to 
the polarization beam splitter 2 from the two- wavelength laser light source 1. 

20 Accordingly, the light is reflected by the polarization beam splitter 2 (left side 
of Fig. 8). The returned light is in TM polarization state, so that the light is 
transmitted through the polarization beam splitter 2 (left side of Fig. 8). On 
the other hand, the light having the CD wavelength is incident in the TE 
polarization state to the polarization beam splitter 2 from the laser light 

25 source 1. Accordingly, the hght is reflected by the polarization beam splitter 
2 (right side of Fig. 8). The returned light is in TM polarization state, so 
that the light is transmitted through the polarization beam splitter 2 (right 
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side of Fig. 8). 

Referring to Fig. 16, the light beam emitted from a DVD-wavelength 
laser light source 9 is reflected by a polarization beam splitter 10 to reach a 
disc (DVD or CD) 16 through a collimator lens 13, a fixed mirror 14, and an 
5 objective lens 15. A quarter-wave plate (not shown) is provided between the 
polarization beam splitter 10 and the collimator lens 13. The light beam 
reflected from the disc 16 is returned to the polarization beam splitter 10 
through the objective lens 15, the fixed mirror 14, the collimator lens 13, and 
the quarter-wave plate. Since the light beam has passed through the 
10 quarter-wave plate twice until the light beam is returned to the polarization 
beam splitter 10, the phase is changed by 90 degrees. The light beam passes 
through the polarization beam splitter 10, a polarization beam splitter 12, 
and a collective lens 17, and then the light beam is detected by a photodiode 
18. 

15 On the other hand, a light beam emitted from a CD -wavelength laser 

11 is reflected by the polarization beam splitter 12 and transmitted through 
the polarization beam splitter 10, and the light beam reaches the disc (DVD 
or CD) 16 through the collimator lens 13, the fixed mirror 14, and the 
objective lens 15. The quarter-wave plate (not shown) is provided between 

20 the polarization beam splitter 10 and the collimator lens 13. The light beam 
reflected from the disc 16 is returned to the polarization beam splitter 10 
through the objective lens 15, the fixed mirror 14, the collimator lens 13, and 
the quarter-wave plate. Since the light beam has passed through the 
quarter-wave plate twice until the light beam is returned to the polarization 

25 beam splitter 10, the phase is changed by 90 degrees. The light beam passes 
through the polarization beam splitter 10, the polarization beam splitter 12, 
and the collective lens 17, and then the light beam is detected by the 
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photodiode 18. 

The case where the two-layer rectangular grating of Numerical 
Example 3 is used as the polarization beam splitter 10 will be described 
below. The light having the DVD wavelength is incident in TE polarization 

5 state to the polarization beam splitter 10 from the DVD -wavelength laser 
light source 9. Accordingly, the light is reflected by the polarization beam 
splitter 10 (left side of Fig. 12). The returned light is in TM polarization 
state, so that the light is transmitted through the polarization beam splitter 2 
(left side of Fig. 12). On the other hand, the light having the CD wavelength 
10 is incident in TM polarization state to the polarization beam splitter 12 from 
the laser light source 11. Accordingly, the light is reflected by the 
polarization beam splitter 12, and the light is incident to the polarization 
beam splitter 10 and transmitted through the polarization beam splitter 10 
(right side of Fig. 12). Since the returned light is in the TE polarization 

15 state, the light is transmitted through the polarization beam splitter 10 (right 
side of Fig. 12), and the light is incident to the polarization beam splitter 12 
and transmitted through the polarization beam splitter 12. 
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